Introduction: Potassium dichromate, a widely used heavy metal in several industries induces hypofunction and tissue insult of the thyroid gland via oxidative stress. Curcumin; is a natural commonly used spice has a strong anti-inflammatory and antioxidant properties. Aim of the work: To investigate the possible protective effect of curcumin on the hypothyroidism induced by potassium dichromate in albino rats. Materials and Methods: Thirty-five adult male albino rats were divided into five groups, 15 rats in group I (control) and 5 rats in each of group II, III, IV and V. Group II (curcumin group) received curcumin orally (100 mg /kg/bw) daily for 4 weeks. Group III (potassium dichromate induced hypothyroidism) received i.p injection of potassium dichromate (2 mg/kg/ bw) daily for 2 weeks. Group IV (recovery group) received potassium dichromate as group III then left untreated for another 2 weeks. Group V(curcumin and potassium dichromate group) received curcumin concomitant with potassium dichromate as in groups II and III, respectively daily for 2 weeks and only curcumin was continued for another 2 weeks. T3, T4 and TSH were assessed. Thyroid sections were subjected to toluidine blue, H&E, PAS and PCNA immunohistochemical stains. Morphometric and statistical studies were done. Results: Thyroid tissue insult and hypofunction with significantly decreased T3, T4 and increased TSH were detected in group III. Additionally, there was a significant increase in the mean values of follicular cell height, follicular diameter, mean number of PCNA positive nuclei and a significant decrease in the mean value of area percent of colloid versus group I, II and V with non-significant differences versus group IV. In group V, there was an obvious serological and histological improvement compared to group III and IV. Conclusion: Curcumin had protective effect against hypothyroidism and thyroid tissue damage induced by potassium dichromate.
INTRODUCTION
Hypothyroidism is the second most common endocrine disorder after diabetes, it is caused by under-activity of thyroid gland leading to deficiency of thyroid hormones below the normal level [1] . Acquired hypothyroidism can result from defects in mechanisms that control formation of thyroid hormones, or may arise as a complication during treatment of hyperthyroidism [2] . It is clinically linked with decreased metabolic rate which results in adverse effects on multiple organs and system activities [3] . Recently, several studies showed an increased production of reactive oxygen species (ROS) in hypothyroidism [4, 5] .
Heavy metals, as chromium salts (Cr), could profoundly disrupt the function of the endocrine system. So, occupational exposure to toxic heavy metals as in mining and leather tanning renders the industrial workers with various health problems [6] . Occupational exposure to Cr is found among approximately half a million industrial workers worldwide. Also, chromium released from these industries into soil and water is the major route of chromium exposure for the general population [7, 8] .
Chromium is detected in various oxidation states, the most common are trivalent Cr (III) and hexavalent Cr (VI) forms [9] . Hexavalent Cr (VI) as potassium dichromate (K2Cr2O7) is much more toxic than trivalent Cr (III) as it enters cells rapidly where it is reduced by intracellular reductants to short-lived chromium intermediates. This reduction process generates ROS, causing oxidative stress (OS) and damage in many systems [10] .
The medical uses of natural herbs are gradually increasing due to their anti-oxidant, anti-inflammatory, anti-bacterial and anti-cancer properties [11] . Curcumin is among the best known natural polyphenols. It is the major yellow pigment extracted from turmeric, a commonly used spice, derived from the rhizome of the herb Curcuma longa Linn [12] . Curcumin exhibits hypolipidemic, antiinfectious, anticancer [13] , anti-inflammatory and antioxidant properties [14] . Moreover, curcumin was reported as several times more potent than vitamin E as a free radical scavenger [15] and to be pharmacologically safe for humans and animals with extremely good tolerance [16] .
Since, the hexavalent Cr, potassium dichromate, is still widely used in several industries as min¬ing, chrome pigments, cement dust, dyes, leather tanning and as anticorrosive in cooking systems, stainless steel, and boilers [9, 17] . And, several studies on rats showed hypofunction of the thyroid gland and thyroid tissue insult following exposure to it [18, 19] . So, this study aimed to investigate the possible protective effect of curcumin on potassium dichromate induced hypothyroidism in adult male albino rats.
MATERIALS AND METHODS

a) Drugs 1-Potassium dichromate.
It was purchased from Sigma-Aldrich chemical company (Cairo, Egypt) in the form of a bottle containing 100 gm of reddish powder, (Catalogue number 309176). The required daily dose (for the 5 rats of the group) was weighted, dissolved in 1 ml distilled water and given by intra-peritoneal (i.p) injection at a dose of 2 mg/kg/bw [6] .
-Curcumin.
It was purchased from Sigma-Aldrich chemical company (Cairo, Egypt) in the form of a bottle containing 10 gm of yellow powder, (Catalogue number C1386). The required daily dose (for the 5 rats of the group) was weighted, suspended in 2 ml corn oil and given orally through gastric gavage at a dose of 100 mg/Kg/bw [20] .
b) Animals
This study was carried out in the animal house of Kasr El-Aini hospital. It included 35 adult male albino rats, weighted 160-200 gm. They were housed in standard stainless-steel cages under standard environmental conditions with free access to water and fed ad-libitium. They were treated in accordance with guidelines approved by the Animal Use Committee of Cairo University
C) Experimental design
Animals were divided into 5 groups.
-Group I (control group): (n= 15). They were subdivided equally into 3 subgroups (Ia , Ib and Ic):
Subgroup Ia: Each rat was given 0.4 ml corn oil (the solvent of curcumin) orally through gastric gavage daily for 4 weeks then rats were sacrificed with group II.
Subgroup Ib: Each rat was given i.p injection of 0.2 ml distilled water (the solvent of potassium dichromate) daily for 2 weeks then rats were sacrificed with group III.
Subgroup Ic: Rats were given corn oil concomitant with distilled water in the same dose and route as in subgroup Ia and Ib respectively daily for 2 weeks and only corn oil was continued for another 2 weeks then rats were sacrificed with group V.
-Group II (curcumin group): (n= 5), rats were given curcumin orally through gastric gavage at a dose of 100 mg /kg/bw, dissolved in 2 ml corn oil daily for 4 weeks then sacrificed [20] .
-Group III (potassium dichromate induced hypothyroidism): (n= 5), rats were given i.p injection of potassium dichromate at a dose of 2 mg/kg/bw, dissolved in 1 ml distilled water daily for 2 weeks then sacrificed to confirm hypothyroidism [6] .
-Group IV (recovery group): (n= 5), rats were given i.p injection of potassium dichromate in the same dose as in group III daily for 2 weeks and left untreated for another 2 weeks then sacrificed to assess the recovery from potassium dichromate treatment.
-Group V (curcumin and potassium dichromate group): (n= 5), rats were given curcumin simultaneously with potassium dichromate in the same dose and route as in group II and III respectively daily for 2 weeks and only curcumin treatment was continued for another 2 weeks then rats were sacrificed.
Just before sacrifice, tail vein blood samples were collected and thyroid function tests (free T3, free T4 and TSH) were measured by radioimmunoassay in Biochemistry Department, Faculty of Medicine, Cairo University.
Rats were then sacrificed under anaesthesia by i.p injection of Phenobarbital (60 mg /kg) [21] and, a midline incision was done in the neck and sternohyoid and sternomastoid muscles were separated to expose the trachea. Trachea was traced upward until the thyroid gland was visible. Thyroid gland appeared as small reddish mass on each side of the trachea. The gland was dissected carefully to avoid its injury [22] . The collected thyroid glands were divided into 2 lobes:
The right lobes were processed for light microscopic study. Specimens were fixed in 10% buffered formalin solution for 48 hours, then processed to obtain Paraffin blocks. Paraffin sections 6 micrometers thick were cut and stained by: -Hematoxylin & eosin (H&E) stain [23] .
-Periodic Acid Schiff (PAS) stain [23] .
Proliferating cell nuclear antigen (PCNA)
immunostaining: PCNA is a helper protein of DNApolymerase enzymes, necessary for DNA synthesis and is used as a standard marker for proliferating cells [24] . It is a rabbit polyclonal antibody (catalogue number ab15497, Abcam, Cambridge, UK). Immunostaining required pretreatment [25] , this was done by boiling for 10 minutes in 10 mmol/l citrate buffer (catalogue number AP 9003) (pH 6) for antigen retrieval and leaving the sections to cool in room temperature for 20 minutes. Then, the sections were incubated for one hour with the primary antibody. Immunostaining was completed by the use of Ultravision detection system (catalogue number TP -015-HD). Counterstaining was done using Mayer's hematoxylin (catalogue number TA-060-MH). Citrate buffer, Ultravision detection system and Mayer's hematoxylin were purchased from Lab Vision Thermo Scientific (Fremont, California, USA). Small intestine was used as a positive control sections. Positive reaction appeared as brown nuclear coloration. On the other hand, one of the thyroid sections was used as a negative control by passing the step of applying the primary antibody.
The left lobes were processed for preparation of semithin sections. The specimens were prefixed in 2.5% phosphate buffered glutaraldehyde for 3 hours, thereafter post-fixed in 1% osmium tetroxide in 0.1M phosphate buffer at pH 7.4 and 4 °C for 2 hours. The fixed specimens were dehydrated and embedded in resin to cut semithin sections (1µm thick) which were stained with 1% toluidine blue then examined by light microscope [26, 27] .
Morphometric study
Only follicles in the center of the lobules were measured as they are the active follicles. It included measuring of: -Height of follicular epithelium in H&E. stained sections at a magnification of x400.
-Diameter of thyroid follicles in H&E stained serial sections at a magnification of x 100.
-Area % of colloid in PAS stained sections at a magnification of x100.
-Number of PCNA positive nuclei in PCNA immunostained sections at a magnification of ×400.
All measurements were done in 10 non overlapping randomly chosen fields for each animal. Image analysis was done using ‫״‬ Leica Quin ‫״005‬ software image analyzer computer system (Leica image system Ltd; Cambridge, England) present in the Histology department, Faculty of Medicine, Cairo University.
Statistical analysis
The morphometric and biochemical measurements were expressed as mean ± standard deviation (SD) and were analyzed statistically using one-way analysis of variance ANOVA followed by "tuckey" post hoc test. Results were considered significant when P value was < 0.05. Calculations were made on SPSS software version 16 (SPSS Inc., Chicago, Illinois, USA) [28] .
RESULTS
General observation:
No deaths were observed in rats during the experiment.
All control subgroups (Ia, Ib and Ic) showed similar biochemical and histological results so, they were collectively named control group.
Serological results and statistical analysis:
The mean values of T3, T4 and TSH revealed non significant differences between group I (control group) and group II (curcumin group) and, between potassium dichromate induced hypothyroidism group (group III) and recovery group (group IV). Meanwhile, a significant decrease in the mean values of T3 and T4 and a significant increase in the mean value of TSH were detected in potassium dichromate induced hypothyroidism group (group III) and recovery group (group IV) versus control group (group I) and curcumin group (group II). On the other hand, there were a significant increase in the mean values of T3 and T4 and a significant decrease in the mean value of TSH in group V (curcumin and potassium dichromate group) versus potassium dichromate induced hypothyroidism group (group III) and recovery group (group IV). But these values were significantly different compared to control group (group I) and curcumin group (group II) "significant P< 0.05" ( Table 1) .
Light microscopic results
H&E and toluidine blue stained (semithin) thyroid sections:
Sections from control group and curcumin group showed normal thyroid follicles of variable sizes, surrounded by blood capillaries and filled with colloid that appeared acidophilic with peripheral vacuolations in H&E ( 
Periodic Acid Schiff (PAS) stained thyroid sections:
Sections of control group and curcumin group revealed prevalent PAS positive reaction in the colloid and the basement membranes of thyroid follicles and PAS negative reaction in the peripheral vacuolations of colloid (Figs. 4a and 4b). On the other hand, thyroid sections of potassium dichromate induced hypothyroidism group and recovery group demonstrated multiple follicles with widespread PAS negative reaction in the large colloid vacuolations and PAS positive reaction in the remained colloid. PAS positive reaction was also detected in the basement membranes of most follicles and discontinuous PAS positive reaction was detected in the basement membranes of disrupted follicles (Figs. 4c and 4d) . Sections of curcumin and potassium dichromate group were comparable to control group (Fig. 4e) .
Immunohistochemical results of PCNA immunostained sections:
Sections of the control group and curcumin group revealed PCNA positive immunoreaction that appeared as brown nuclear deposits in few follicular and interfollicular cells (Figs. 5a and 5b) . On the other hand, widespread PCNA positive immunoreactivity was detected in the follicular and interfollicular cells in potassium dichromate induced hypothyroidism group (Fig. 5c ) and in recovery group (Fig. 5d) . Concerning curcumin and potassium dichromate group, few positive nuclei in follicular and interfollicular cells were demonstrated (Fig. 5e ).
Morphometric results:
The mean values of both follicular diameter and follicular cell height in H&E stained thyroid sections as well as, the mean numbers of PCNA positive nuclei in PCNA immune-stained sections of control group and curcumin group revealed non significant difference versus each other. These values increased in potassium dichromate induced hypothyroidism group and recovery group with a significant increase versus control group and curcumin group and a non significant difference versus each other. On the other hand, these values showed a significant decrease in curcumin and potassium dichromate group (group V) versus potassium dichromate induced hypothyroidism group and recovery group and a non significant difference versus control group and curcumin group ( Table 2 ).
The mean values of area percent of colloid in PAS stained thyroid sections revealed non significant difference between control group and curcumin group. This value in potassium dichromate induced hypothyroidism group and recovery group recorded a significant decrease versus control group and curcumin group and a non significant difference versus each other. While in curcumin and potassium dichromate group, this value showed a significant increase versus potassium dichromate induced hypothyroidism group and recovery group and a non significant difference versus control group and curcumin group ( Table 2) . 
DISCUSSION
Hypothyroidism is one of the most common endocrine diseases mainly caused by disorders in the thyroid gland leading to decrease in production and secretion of the thyroid hormones [18, 29] . In this study, potassium dichromate was chosen to induce hypothyroidism as it is a widely used heavy metal in several industries. It induced OS in many organs [30] leading to various health hazards and occupational diseases [31, 32] .
Several studies have found that polyphenolic compounds like curcumin can reduce or prevent oxidative damage caused by toxicants and oxidative materials [33, 34] . Therefore, we aimed to evaluate the protective effect of curcumin on hypothyroidism and thyroid tissue damage induced by potassium dichromate in rats. Higher incidences of hypothyroidism were reported in female [35] , however, male rats were recruited in this study as males are more vulnerable to occupational exposure and to avoid the possible interfering effects of female hormones.
In the present study, the mean values of T3, T4 and TSH in the control group (group I) and curcumin group (group II) showed non significant differences. In addition, examined thyroid sections of curcumin group were more or less comparable to that of the control group. This was substantiated by morphometric analysis of follicular diameter, height of follicular cells and area percent of colloid which revealed non significant differences as compared to control group. These findings were consistent with the assumption that curcumin activity depends on the functional condition of the gland [20] .
Thyroid sections from our control group revealed normal histological architecture. The follicles at the periphery of the gland were larger than the central follicles with more colloid and few small peripheral vacuoles [36] . This pattern was previously described as normal histological features in rat thyroid and not in humans [37, 38] . The peripheral follicles mainly serve as a pool of old hormone, whereas the smaller, centrally distributed ones are responsible for thyroid hormone secretion [39] . Therefore, central follicles were chosen for morphometric measurements. Likewise, in toluidine blue stained semithin sections, the observed variable densities of colloid staining were correlated to and explained in a former study as variable follicular activities [40] and absence of peripheral vacuoles might be explained by less liability of resin than paraffin to shrinkage during hardening and compression during sectioning [41] .
Potassium dichromate induced hypothyroidism (group III) revealed significant decrease in T3 and T4 and significant increase in TSH versus control group. Similar findings were reported by Hassanin et al [19] who attributed impairment of thyroid hormones production by the follicular cells to increased OS and ROS that resulted during reduction of potassium dichromate to the trivalent form. Other researchers [9] attributed the fall in T3 and T4 to active combination of chromium with globulins. This in turn, hindered the process of thyroglobulin proteolysis.
Consistent with the previously mentioned hormonal profile, sections of potassium dichromate induced hypothyroidism group revealed marked histological alterations compared to control group. Multiple follicles appeared degenerated with desquamated epithelial cells in their lumen. Some follicles appeared collapsed, some follicles had disrupted walls and appeared coalesced and other follicles were lined with multiple cellular layers. Cytoplasmic vacuolations and dark pyknotic nuclei were seen in most of the follicular and interfollicular cells. Multiple follicles showed either diminished colloid or depleted colloid. All these previous findings might be elucidated by potassium dichromate induced OS [19] and by the highly elevated TSH level in this group [6] . Others attributed potassium dichromate cytotoxicity to a combination of mechanisms including DNA damage, caspase activation, mitochondrial dysfunction and formation of ROS [10] .
The majority of follicular cells in potassium dichromate induced hypothyroidism group appeared high cuboidal or columnar with significant increase in height versus control group. This might represent the early resistant stage of the gland in which thyroid follicles were under stress of the toxicant and were trying to cope with this condition by hypertrophy and even hyperplasia [9] . This was confirmed in the present work by a significant increase in the diameter of thyroid follicles compared to the control. Elevated TSH stimulates the follicles to synthesize and secrete more hormones into the circulation in an attempt to compensate for decreased thyroid hormones similar to what occurred with chronic iodine deficiency [42] . However, with continuation of stress, the gland became exhausted as confirmed in the same group by the presence of some follicles lined with flat cells with flat nuclei indicating hypoactivity. Previous investigators correlated follicular epithelium height to the functional state of the thyroid gland [43] .
More reinforcement came from the extensively vacuolated or even depleted colloid encountered in most follicles in PAS stained sections from the same group and the significant decrease in mean area percent of colloid versus control. Follicular cells respond to elevated TSH with more rapid and continuous removal of thyroglobulin from the lumen of follicles in an attempt to compensate for decreased thyroid hormones in the blood leading to more vacuolations in colloid. But, endocytosis of colloid usually proceeds at a rate greater than synthesis resulting in progressive depletion of colloid [9] . Even with the trial of synthesis by cell and endocytosis of the colloid the net result is decreased level of T3and T4 versus control. In the same consequence, multiple thyroid follicles in the same group appeared irregular in shapes with disrupted basal laminae and wide interfollicular spaces. This finding might be related to degenerative changes and collapse of some follicles following colloid depletion [6] .
The shape of nuclei of follicular cells in the same group varied from spherical to flat corresponding to variation in the shape of cells. Most nuclei were irregular, darkly stained, and pyknotic denoting apoptosis and DNA damage caused by OS [44] . The induction of apoptosis by potassium dichromate in the thyroid of rats was confirmed in a former study [6] by negative expression of Bcl-2. Soluble Cr (VI) is reduced within cells by reductive agents including ascorbic acid, glutathione and cysteine generating a diverse range of genetic lesions. Some forms of Cr damage act as physical barriers to DNA replication, transcription and promote apoptosis [45] .
Other researchers [46] assumed that on exposure to a certain level of Cr (VI) capable of eliciting some manifestation of toxicity, some cells may pass through transient check point arrest and damage repair. But with irreparable damage, the cell mostly undergo terminal growth arrest or apoptosis. However, other cells may acquire an intrinsic mechanism of death resistance through dysregulated DNA repair mechanisms and or dysregulated survival, and eventually lead to hyperplasia or even tumor cell formation instead of apoptosis. This assumption could explain the concomitant presence of apoptosis and hyperplasia in thyroid follicles of potassium dichromate induced hypothyroidism group. Follicular hyperplasia can be also explained by elevated level of TSH. Such hyperplasia was furtherly confirmed morphometrically by significant increase in the mean number of PCNA positive nuclei compared to the control group. Likewise, hyperplasia was confirmed in a former study by increased expression in Ki 67 [19] .
In the same concern, cytoplasmic vacuolations seen in most of the follicular cells in the same group and discontinuous basement membranes seen in PAS stained sections could be attributed to ROS induced cellular membranes insults, which ultimately generate selfsustaining lipid peroxidation and enhanced transport of water and electrolytes into the cell [47] .
The multiple congested blood vessels detected in group III could be considered as a part of the inflammatory process that accompany chromium toxicity and the prolonged stimulation by elevated TSH. The latter might act as a growth factor for the thyroid tissue inducing an increase in stromal vascularity and neovascularization [48, 19] .
The presence of multiple mast cells nearby blood vessels in the semithin sections in group III enforced this assumption. Mast cells act similarly to inflammatory cells and contribute to human diseases through the release of proinflammatory cytokines, chemokines; responsible for allergic reaction and proteases to induce inflammatory cell recruitment and matrix protein remodeling [40, 49] . This explanation was furtherly supported by the association of increased mast cells with pathological conditions such as, inflammatory processes, fibrotic disorders, wound healing and neoplastic tissue transformation [50, 51] . Other reporters [52] related angiogenesis to mast cells as mast cells accumulate in many angiogenesis dependent situations like rheumatoid arthritis, ovulation, wound healing and tissue repair. In addition, several mast cell mediators are angiogenic and regulate endothelial cell proliferation and function. Other mast cell products such as tryptase degrade connective tissue matrix to provide space for neovascular sprouts. Moreover, the presence of mast cells in potassium dichromate induced hypothyroidism group could be attributed to their regulatory role in the process of thyroid hormone secretion and in thyroid gland activity. The number of mast cells in thyroid tissue was proved, in former study, to be related to TSH level. Their number increased greatly following elevated TSH level in rats kept on a low iodine diet and propylthiouracil [53] . In addition, other studies [54, 55] suggested that TSH could promote the release of serotonin from thyroid mast cells. Serotonin in turn, could activate thyroid follicular cells by enhancing them to extend pseudopodia and engulf thyroglobulin from the follicular lumen.
The current study assumed that withdrawal of potassium dichromate in the recovery group (group IV) resulted into minimal functional and histological improvement. This assumption was supported by the non significant differences in the mean values of T3, T4 and TSH in group IV versus group III and the significant differences versus group I indicating persistent hypothyroidism. Also examination of thyroid sections which revealed histopathological changes comparable to that of potassium dichromate group. Further enforcement came from morphometric measurements of this group where the mean values of diameter of thyroid follicles, height of follicular cells and number of PCNA positive nuclei were significantly increased versus group I with non significant differences versus group III. In addition to, a significant decrease in the mean area percent of colloid versus group I with a non significant difference versus group III. These results are consistent with that of thyroid function test. Stress exerted on the follicular cells by the toxic effect of potassium dichromate just started to decline following its withdrawal and, the highly elevated TSH just started to fall in this group leading to minimal histological improvement. Prolonged recovery duration might be needed for functional and histological improvement.
By contrast, the mean values of T3 and T4 were significantly increased and the mean value of TSH was significantly decreased in group V compared to groups III and IV but still with significant differences versus control group. These results suggested better improvement in the thyroid function with curcumin. Moreover, there was an obvious histological improvement compared to group III and group IV. As, most of the follicles were lined with a single layer of apparently normal follicular cells. Only, few cells in some follicles were still vacuolated with dark pyknotic nuclei. In addition, most of the thyroid follicles were filled with PAS positive colloid with normal peripheral vacuolations. This was established by morphometry that proved a significant decrease in the mean values of follicular diameter and follicular cell height and a significant increase in the mean area percent of colloid compared to groups III and IV with non significant differences versus group I.
These findings could be attributed to the protective effect of curcumin due to its antioxidant and anti-inflammatory properties leading to regression of histological alterations caused by potassium dichromate much more rapidly and more effectively than in the recovery group. This assumption was confirmed in a previous study [56] ; whereas treatment of methimazole induced hypothyroidism with turmeric extract increased the antioxidant defense of the cells and attenuated injurious effects of ROS. Further support came from another study [57] in which treatment of sodium chlorate induced hypothyroidism with curcumin resulted in significant decrease in plasma superoxide anion level compared to non-treated group. Therefore, curcumin was considered a bifunctional antioxidant; exerting direct effects by scavenging ROS and indirect effects by inducing the expression of antioxidant enzymes [34, 58, 59] .
The anti-inflammatory properties of curcumin was linked to its capability to interact with numerous molecular targets involved in inflammation. It modulates the inflammatory response by down-regulating the activity of specific kinases, cyclooxygenase-2, lipoxygenase, and inducible nitric oxide synthase enzymes. It also, inhibits the production of the inflammatory cytokines, tumor necrosis factor-alpha, interleukins and monocyte chemoattractant protein [50, 61] .
Additionally, examined thyroid follicles from curcumin and potassium dichromate group revealed neither signs of hyperplasia nor hypertrophy and was confirmed morphometrically by a significant decrease in the mean number of PCNA positive nuclei compared to groups III and IV and a non significant difference versus control. This could be attributed to the anti-proliferative effect of curcumin exerted through its inhibitory effect on the activity of protein kinases as protein kinase C and on the mitogenic effect of growth factor signals in hypertrophic cells. These enzymes play a key role in signal transduction which leads to thyroid cell proliferation [20, 62] . Moreover, curcumin can inhibit proliferation of abnormal and tumor cells through DNA damage and arrest at various phases of the cell cycle leading to apoptosis [63, 64] .
CONCLUSION
Exposure of rats to potassium dichromate resulted into hypothyroidism and thyroid tissue damage that was slightly recovered after potassium dichromate withdrawal. Curcumin administration has proven to protect thyroid gland histological structure and functions against potassium dichromate damage. Therefore, concomitant intake of curcumin is recommended for factory workers exposed to potassium dichromate. 
